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(57) ABSTRACT 
Extremely low-melting oxide glasses useful in silver/- 
glass die-attach materials are disclosed. These glasses 
are composed of silver oxide, phosphorus oxide and a 
third component comprising PbO, CdC), ZnO or combi 
nation thereof. Their melting point lies in the 200-300 
C. range. 
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SILVER PHOSPHATE GLASS DEE-ATTACH 
COMPOSITION 

TECHNICAL FIELD 5 

The present invention relates to a novel, very low 
melting metal oxide glass system derived from the silver 
phosphate binary and a method of manufacturing same. 

It is particularly concerned with the application of 
this novel glass as an inorganic binder for silver metal 10 
powder to bond (die attach) semiconductor integrated 
devices on a ceramic substrate. 

BACKGROUND 
The invention addresses the problem of bonding to a 

ceramic package surface certain types of temperature 
sensitive semiconductor devices at the lowest possible 
temperature with a silver/glass mixture usually in the 
form of a dotting paste. 

In addition to the well-known gold/silicon eutectic 20 
alloy die-bonding process, the advent of glass/ silver is 
a solution to the eutectic bond stress problems associ 
ated with very large silicon die. Silver-loaded glass 
die-attach materials have demonstrated production reli 
ability on die exceeding 0.4 inch on a side and can be 25 
used on both bare silicon and gold-covered silicon. 
During firing the glass flows to the device and forms a 
conventional chemical bond, the glass and silver inter 
penetrate and form a mechanical bond. After comple 
tion of the thermal treatment, the microstructure con- 30 
sists of an interlaced network of silver in a sintered glass 
matrix. The malleability of silver permits greater stress 
relief in the bond compared with gold eutectic pre 
forms. The process has a wide processing window, and 
the glass die bonding material offers a significant cost 35 
advantage over the Au-Si system. 
One major drawback remains the processing temper 

ature which lies in the 400-500 C. range in an oxidiz 
ing atmosphere for several minutes. This tends to create 
reliability problems to both multi-pin ceramic packages 40 
and temperature-sensitive VLSI devices. Lead borate 
based glasses do not allow a processing temperature 
below 400 C. Reduction of the glass processing tem 
perature to about 300-350° C. by a glass formulation 
change would aid in coping with the processing reliabil- 45 
ity problems associated with multi-pin ceramic pack 
ages and the new generation of silicon integrated de 
WCS 

This glass formulation must be totally free of any 
alkali or halide. 50 

PRIOR ART 

In the prior art relatively small amounts of silver 
oxide have been incorporated in glasses. Examples are 
radiation-sensitive glasses manufactured for gamma and 55 
neutron dosimeters (Bromer in U.S. Pat. No. 3,607,321; 
Yokota in U.S. Pat. No. 3,740,241). 
The extensive role of silver oxide in certain low-melt 

ing glasses in large concentrations has been described 
by Chvatal in U.S. Pat. Nos. 3,798,114 and 3,853,568. 60 
These compositions comprise 20-70 weight percent 
silver oxide, the balance a combination of other oxides 
to produce a series of low-melting, chemically resistant, 
high-expansion glasses. These patents do not describe 
the addition of lead oxide, cadmium oxide, zinc oxide, 65 
any of which is a necessary and required component in 
glasses of the present invention. Nor do these patents 
mention Nb2O5, Ta2O5, Al2O3, Cu2O, which are desir 

2 
able additives. Further, there is no teaching of silver 
metal/ silver oxide glass mixtures. 

Binary silver phosphate glasses can be made with 
40-60 mole percent Ag2O. These are very fluid glasses, 
but tend to be hygroscopic in fine powder form. 
Takahashi K., Advances in Glass Technology, 6th Con 
gress on Glass, N.Y., 1962, Part 1, p. 366, measured 
their thermal expansion coefficient to be in the range of 
175-200X 10-7/ C. According to Bartholomew, R. 
F., J. Noncrystalline Solids (1972) 7.3, 221, the 50 mole 
percent Ag2O phosphate glass has an annealing point of 
154 C. 
Provance in U.S. Pat. No. 3,518,209 claims semicon 

ducting glasses containing MoO3 (20-68 mole %), 
P2O5 (20-57 mole %), and Ag2O, CuO or V2O5 (30-40 
mole %). 

Disclosure of the Invention 

The present invention is based on the discovery that 
very fluid, chemically resistant and stable glasses can be 
prepared by the addition of lead oxide, cadmium oxide 
and/or zinc oxide to the Ag2O-P2O5 binary. 
The novel low-melting glass composition of this in 

vention comprises in weight percent calculated on an 
oxide basis: 

(a) Ag2O 40-70% 
(b) POs 20-40% 
(c) PbO, CdC., ZnO or 0,1-25% 

combination thereof 
(d) Bi2O3 0.20% 
(e) Nb2O5 O-5% 
(f) Ta2Os 0-5% 
(g) Cu2O 0.5% 

These glasses have a softening point in the 200-300 C. 
range, are stable in powder form even when blended 
with the organic solvents and resins commonly used for 
printing ceramic powders, and are eminently compati 
ble with noble metals. 

Preferred glass compositions of this invention consist 
essentially, in weight percent calculated on an oxide 
basis, of: 

(a) Ag2O 50-60% 
(b) POs 25-35% 
(c) PbO, CdC), ZnO, or 0.2-20% 

combination thereof 
(d) Bi2O3 0-15% 
(e) NbOS 0-3% 
(f) Al2O3 0-3% 

Mixtures of the above-described glass composition with 
up to 90% by weight based on the total mixture of silver 
and gold powder are another aspect of the invention. 

Mixtures of the above-described novel glass composi 
tion with or without silver or gold powder combined 
with an organic liquid to form a dotting paste or a print 
ing ink are yet another aspect of the invention. 

Mixtures of the above-described novel glass composi 
tion with about 1% to about 50% by weight, based on 
the mixture, of a low thermal expansion ceramic partic 
ulate filler are yet another aspect of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The glasses of this invention contain primarily Ag2O 
(silver oxide), a metal oxide which acts in these glasses 
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like an alkali oxide, thus providing very low softening 
temperatures without the disadvantage of alkalies in 
glass since Ag2O is water insoluble. 
The addition of P2O5 (phosphorus oxide) to Ag2O 

produces extremely low-melting glasses which in fine 
powder form are unstable and hygroscopic. The addi 
tion of one or more heavy metal oxide such as lead, 
cadmium and zinc to the Ag2O-P2O5 binary has the 
effect of stabilizing the resulting glass and enhancing its 
good durability. 
The glasses of this invention are very stable and show 

no tendency to recrystallize. They are characterized by 
low softening temperatures, low viscosities and steep 
viscosity curves with increasing temperature. They are 
unaffected by organic liquids, and they exhibit excellent 
wetting and bonding to both alumina (due to the 
amount of P2O5 present) and metals such as silver and 
gold (due to the presence of large amounts of silver 
oxide in the glass formulation). 
The prime objective of this invention is using these 

novel silver-glass compositions for attaching a semicon 
ductor device to a metal, glass or ceramic surface. We 
have found that although the linear thermal expansion 
of the heavy metal-silver phosphate glasses of this in 
vention are high and equivalent to silver metal, very 
good bonding of these glass/silver mixtures is obtained 
to alumina, gold-plated alumina and certain types of 
copper lead frames (copper alloy containing small per 
centages of Al and Si). This is apparently due to the 
interlaced silver-glass microstructure of the bond. 

Since the semiconductor technology evolves toward 
larger silicon die sizes, larger ceramic package geome 
tries and the change in lead frame material in plastic 
packages from alloy 42 (Kovar) to copper, it requires 
more stress-absorbing die-attach materials to accommo 
date the thermal expansion mismatches between differ 
ent materials within a package. 
The silver/glass die-attach compositions of this in 

vention are intimate mixtures of powdered silver metal 
and powdered glass. The metal powder will normally 
constitute 50 to 90% by weight of the mixture. The 
powdered silver may be spherical or flake powder or 
mixtures of the two, preferably having surface areas 
from about 0.3 to 1.3 square meters per gram and tap 
densities from about 2.4 to 3.4 gram per cubic centime 
ter. 

Suitable organic vehicles comprise a viscosified syn 
thetic solvent such as high molecular weight alcohols, 
esters and glycol ethers viscosified with nitrocellulose, 
ethyl cellulose or a methacrylate resin (ethyl or isobutyl 
methacrylate) as described in our previous U.S. Pat. 
No. 4,699,888. 

Particulate refractory filler may be added to the glass 
powder of the invention as a means of controlling the 
overall thermal expansion and contraction of the result 
ing sealing glass mixture. Increased amounts of a low 
thermal expansion refractory filler will correspondingly 
decrease the linear expansion of the sealing glass, the 
decrease being practically a linear function of the glass 
/filler volume ratio. Such fillers are commonly used to 
make solder glass suitable for sealing to lower expansion 
ceramics, glasses or metals. Close matching of thermal 
expansion of the sealing glass to the ceramic parts (e.g. 
alumina, berylia or steatite parts) to be joined is critical 
to maintain zero stress in the seal joint. This insures 
strength and hermeticity under extreme conditions of 
thermal cycling and thermal shock. It is also known that 
the presence in a glass of a crystalline second phase is 
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4. 
beneficial in strengthening a glass seal. The addition of 
a particulate filler will minimize crack propagation 
throughout the glass. 
These refractory, low coefficient of thermal expan 

sion (below about 50x 10-7/ C.) fillers include the 
conventional low expansion crystalline ceramic materi 
als found useful in the technology of lead solder glasses: 
beta eucryptite, spodumene, cordierite, zirconium sili 
cate, zinc silicate (willemite) and titanates such as lead 
titanate and lead calcium titanate. It also includes re 
fractory fillers made from Column 5 metal oxides in the 
periodic table (P, As, Sb, V, Nb and Ta) as listed in 
Table 1 of U.S. patent No. 4,743,302. It thus includes, as 
examples, refractory zirconium phosphate, titanium 
phosphate, calcium titanium phosphate, niobium phos 
phate, tin phosphate, niobium pentoxide, and its deriva 
tives such as aluminum niobate, niobium titanate and 
niobium zirconate. 
A further feature of the present invention, due to the 

thermal instability of silver oxide above 300 sides in the 
introduction of silver oxide in the batch formulation in 
the form of Ag3PO4, a stable compound, as a starting 
material. The melting aid is provided with ammonium 
phosphate. The other components are added in the form 
of nitrates: lead nitrate, cadmium nitrate, zinc nitrate, 
bismuth nitrate, alumina nitrate and copper nitrate, or in 
the form of a hydrate: niobium oxide hydrate. Ceramic 
crucibles are preferred. A heating cycle of 45 minutes at 
700° C. for 100 gram batches produces a clear melt. 
The following examples describe the preparation and 

composition of the sealing glasses of the invention and 
their applications. These examples are not intended to 
limit the invention in any manner. 

EXAMPLE 1. 
A glass was prepared by mixing 20 grams Ag3PO4, 10 

grams ammonium dihydrogen phosphate and 10 grams 
lead nitrate. After heating the mixture in a ceramic 
crucible at 700° C. for 45 minutes the melt was poured 
through revolving stainless steel rollers to produce thin 
glass flakes. The resulting glass flakes had a composition 
in weight per cent as follows: 

Ag2O 50.5% 
P2O5 29.1% 
PbO 20.4% 

This glass has a linear thermal expansion coefficient 
(25-50° C)= 190x 10-7/ C. and a DTA softening 
point=210 C. This glass bonds to alumina at 250° C. 
The glass flakes were ground in a ball mill and the 

resulting powder screened through a 325 mesh screen. 
Near its melting point this glass powder exhibits a very 
sharp drop in viscosity, wets and adheres to an alumina 
surface with great tenacity. 

Mixtures of silver metal powder flakes and the above 
fine glass powder were prepared in ratios of 20 to 50% 
by weight glass, mixed with Texanol solvent and wet 
dotted on an alumina substrate. Silicon chips were im 
bedded in the paste, dried at 125 C. then heated in a 
belt furnace to 350° C. in air. Extremely strong bonding 
of the silicon die to the silver/glass matrix to alumina 
was obtained. 

This example was repeated using gold powder with 
identical results. Both silver and gold compositions 
were printed on glass and ceramic substrate, dried, fired 
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to produce a conductive pattern with excellent adher- -continued 
ence at a very low firing temperature. TaO 0 to 5% 

Additional examples of low melting glasses of the 8. A6. 3. 5% 
invention were prepared following the procedure de- (h) Cu2O: O to 5%. 
scribed in the above example. These additional exam- 5 
ples 2 to 16 are reported in Table 1 below. 

TABLE 
Examples 2-16 in Weight Percent 

Component 2 3 4. 5 6 7 8 9 O 1 2 3 4 15 6 

PbO 10 10 O 0 0 1 0 10 5 
CO 10 20 O 5 
ZnO 10 20 5 5 10 5 
Bi2O3 6 12 18 6 6 6 5 
Al2O3 3 
Nb2O5 3 
Ta2O5 3 
Cu2O 3 
Ag2O 60 50 60 SO SO 45 52 52 52 55 65 65 65 65 50 
P2O5 30 30 30 30 29 28 30 32 32 30 22 22 22 22 30 
Softening Point 210 225 210 230 220 238 210 215 218 223 210 213 224 235 218 
°C. 

EXAMPLE 17 
Each glass Example 2 to 16 was mixed in powdered 

form with 80% by weight silver powder and tested 
according to Example 1. Excellent bonding of the sili- 25 
con die was obtained in all cases. Optimum processing 
temperature had to be adjusted as a function of glass 
modifiers content added to the silver phosphate binary. 
The higher the glass modifiers content, the higher the 
temperature required to reach maximum strength. 

EXAMPLE 1.8 

The procedures of Examples 1 to 16 were repeated 
using a copper alloy substrate (copper containing a few 
per cent Si and Al and covered with a thin adherent 
oxide layer) with identically good adherence between 
the silver/glass material and the copper alloy surface. 

EXAMPLE 19 

Preforms of silver/glass mixtures were prepared by 
mixing the glass powder from Example 1 with 50 per 
cent by weight silver powder. The mix was heated at 
elevated temperatures in a ceramic crucible and poured 
through cold stainless steel rollers to produce ten mil 
thick flakes which can be remelted at low temperature 
for electrically conductive bonding applications. 

EXAMPLE 2.0 

Powdered glass composition Example 12 was 
blended with 20, 30 and 40 per cent by weight based on 
the total mixture with low expansion fillers such as 
zirconium phosphate to produce lower thermal expan 
sion sealing glass mixtures. 

Modifications of the above-described modes for car 
rying out the invention that are obvious to those of skill 
in the glassmaking, semiconductor packaging, and re 
lated arts are intended to be within the scope of the 
following claims. 
We clain: 
1. A low-melting glass composition consisting essen 

tially of, in weight per cent calculated on an oxide basis: 

(a) Ag2O: 40 to 70% 
(b) P2O5: 20 to 40% 
(c) PbO: 0.1 to 25% 
(d) BiO3: O to 20% 
(e) NbOs: O to 5% 
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2. The low-melting glass composition of claim 1 
wherein the weight per cent of each of (d), (e), (f), (g) 
and (h) is 0%. 

3. A low-melting glass composition consisting essen 
tially of in weight per cent calculated on an oxide basis; 

(a) Ag2O 50 to 60% 
(b) POs 25 to 35% 
(c) PbO 5 to 20% 
(d) Bi2O3 0 to 10% 
(e) Al2O3: O to 3% 
(f) Nb2O3: 0 to 3%. 

4. The glass of claim 1 mixed with about 1 to 50% by 
weight, based on the mixture, of a refractory filler pow 
der with a low coefficient of linear expansion. 

5. The glass of claim 2 mixed with about 1 to by 
weight, based on the mixture, of a refractory filler pow 
der with a low coefficient of linear expansion. 

6. The glass of claim 3 mixed with about 1 to by 
weight, based on the mixture, of a refractory filler pow 
der with a low coefficient of linear expansion. 

7. The glass of claim 1 mixed with up to 90% by 
weight, based on the mixture, of silver or gold powder. 

8. The glass of claim 2 mixed with up to 90% by 
weight, based on the mixture, of silver or gold powder. 

9. The glass of claim 3 mixed with up to 90% by 
weight, based on the mixture, of silver or gold powder. 

10. A composition comprising a glass consisting es 
sentially of: 

(a) Ag2O 40 to 70% 
(b) POs 20 to 40% 
(c) BiO3 0.1 to 25% 

mixed with 50 to 90% by weight of silver or gold pow 
der. 

11. The composition of claim 2 blended with an or 
ganic liquid to form a printing ink or a dotting paste. 

12. The composition of claim 2 blended with an or 
ganic liquid to form a printing ink or a dotting paste. 

13. The composition of claim 3 blended with an or 
ganic liquid to form a printing ink or a dotting paste. 

14. The composition of claim 7 blended with an or 
ganic liquid to form a printing ink or a dotting paste. 
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15. The composition of claim 10 blended with an 
organic liquid to form a printing ink or a dotting paste. 

16. An article of manufacture comprising an elec 
tronic part bonded to a metal, glass or ceramic substrate 
with the composition of claim 1. 

17. An article of manufacture comprising an elec 
tronic part bonded to a metal, glass or ceramic substrate 
with the composition of claim 3, 

18. An article of manufacture comprising an elec 
tronic part bonded to a metal, glass or ceramic substrate 
with the composition of claim 7. 
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8 
19. An article of manufacture comprising an elec 

tronic part bonded to a metal, glass or ceramic substrate 
with the composition of claim 10. 

20. An article of manufacture comprising a metal, 
glass or ceramic body coated with an electrically con 
ductive pattern of the composition of claim 7. 

21. An article of manufacture comprising a metal, 
glass or ceramic body coated with an electrically con 
ductive pattern of the composition of claim 10. 

22. A solid silver/glass preform of composition of 
claim 7. 

23. A solid silver/glass preform of composition of 
claim 10. 

xk ck 2k k xk 


